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INTRODUCTION 



Claims about the vital importance of equipping young people with the knowledge and skills they need for 
success in college, careers, and life have become commonplace. Specific descriptions of the knowledge 
and skills needed, however, vary and often remain quite vague. Books such as The World is Flat by Thomas 
Friedman, forecasts about the demands of the new knowledge-based economy, and worrisome statistics about 
the poor preparation young people are receiving in public schools, especially compared with their international 
peers, justifiably have raised concerns, and many prescriptions have been offered to address the problem. 

But if there is wide agreement that high schools need to change if they are to prepare young people for new 
demands, there is far less agreement about what sorts of changes are needed. 

Almost any formulation of the knowledge and skills young people will need includes a basic building block for 
success, mathematics. Policymakers are exploring a range of strategies to improve student success in 
mathematics, including aligning academic standards to the expectations of the postsecondary and business 
communities, providing more comprehensive mathematics offerings in high schools, and even requiring all 
students to complete a college- and career ready sequence of mathematics courses. 

The urge to define the knowledge and skills young people need for college and careers is motivated by two 
realities. First, the world has become a more complex place. To thrive in a global economy, in work contexts 
that rely on constantly evolving technologies, and in a world challenged by complex social and environmental 
problems, young people will need significant intellectual skills and inner resources. Second, too many young 
people in the United States are leaving school woefully unprepared for the demands of postsecondary 
institutions and the workplace, and it is disadvantaged young people who are often the least well-equipped. 

High schools may still be anchored to 20 th century expectations, but what are the critical guideposts for a 21 Bt 
century high school education? There are many specific skills and competencies that young people will need to 
succeed, but more than particular skills, they will need the cognitive capacity to educate themselves throughout 
their entire lives. Young people need the ability for complex reasoning and the self-confidence to apply it in new 
situations. These are precisely the skills that are developed in higher-level mathematics courses, beginning with 
the foundational Algebra I and extending beyond Algebra II, in which students begin to use abstract reasoning 
to solve complex problems. 

High schools already offer higher-level mathematics, but few recognize that this coursework is a critical building 
block for success in school, work, and life, for all students. Successful completion of higher-level math courses 
is associated with subsequent success in college and the workplace for two reasons. Higher-level math 
courses are practical prerequisites for further study or professional advancement, including both success in 
postsecondary courses and mastery of complex technical challenges in the workplace. These courses also 
develop students’ intellectual capacity in ways that benefit them in whatever career pathways they may follow, 
either directly following or long after high school graduation. 

Higher-level math is important for all students, not just those who are preparing for a four-year academic 
degree or a math-related career— and all students can succeed in these courses, with appropriate supports. 
Researchers who have studied mathematics learning reject the notion that some students can “do math” and 
others can not. Comparative research on math learning, attitudes, and achievement in different cultures has 
shown, for example, that, in many cultures, it is expected that everyone can succeed at math if they persevere. 1 



1 National Research Council, 2005 
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In the Unites States, by contrast, the focus is often on perceived innate ability— if some students do not make 
an effort in mathematics this is accepted on the grounds that some students just do not have a gift for it. Since 
higher-level mathematics is the foundation for success in college and careers, we must change the way we 
approach mathematics and understand the importance of higher-level mathematics for ^//students. 

This paper explores the intellectual and practical benefits to all students of taking higher-level mathematics 
courses, through and beyond Algebra II, or its equivalent, during high school. 

MATH AS THE FOUNDATION FOR HIGHER-ORDER THINKING 

Some question whether all students need advanced math to tackle the practical challenges of adulthood, such 
as managing personal finances, choosing a health care plan, selecting a mortgage, or planning for retirement. 
They wonder what value Algebra II and other higher-level math courses have in the “real world,” especially for 
students who do not plan to pursue a career in the sciences, technology, engineering, or mathematics, or 
students who are already struggling in math classes. 

To appreciate the importance of higher-level math skills, it is helpful to start with an overview of how 
mathematical learning develops. Researchers who study learning and cognition describe mathematical 
learning as a progression in which conceptual understanding builds logically, and expertise is developed 
gradually. 2 They describe the development of “mathematical proficiency” in terms much broader than simple 
mastery of increasingly difficult computational skills, facts, and operations. 3 

Developing competency as a mathematical thinker requires individuals to develop both a cumulative body 
of knowledge and a comprehension of how that knowledge is connected and organized, and to understand 
the kinds of reasoning expert mathematicians use. The key components of mathematical thinking, which are 
developed beginning in the elementary grades, are shown in the box below. 



Key Components of Mathematical Thinking 

1. Conceptual understanding— comprehension of mathematical concepts, operations, and 
relations; 

2. Procedural fluency— skill in carrying out procedures flexibly, accurately, efficiently, and 
appropriately; 

3. Strategic competence— ability to formulate, represent, and solve mathematical problems; 

4. Adaptive reasoning— capacity for logical thought, reflection, explanation, and justification; 

5. Productive dispositions— habitual inclination to see mathematics as sensible, useful, and 
worthwhile, coupled with a belief in diligence and one’s own efficacy. 

Source: National Research Council, 2001 



2 National Research Council, 2005 

3 National Research Council, 2001 
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These key components are necessary but not sufficient to ensure student success. Students with this 
foundation, which includes secure competence in the foundations on which algebra is based (e.g. fluency with 
whole numbers, fractions, and aspects of geometry and measurement ], 4 are ready to tackle higher-level 
mathematics, beginning with algebra. 

Algebra is generally the first math course students take that has a name other than “math,” but few students 
approach it with much sense of why that is so, or of the doors it can open. Algebra is an ancient branch 
of knowledge; its name refers to the revolutionary idea that originated with it, that one could use known 
relationships to answer questions about unknown quantities. Algebra was a way of moving beyond calculating 
and into abstract reasoning. It has been described as "the language of mathematics, which itself is the 
language of the information age .” 5 

Mathematics educators don’t necessarily focus on the distinction between Algebra I and subsequent math 
courses. What is important to them is the development of thinking skills, or mathematical habits of mind. Once 
this kind of thinking is established, students can apply it in the context of geometry, trigonometry, calculus, 
data and statistics, or other advanced courses. It is these higher-level courses that provide the opportunity 
for students to make use of the skills and capacities they develop in a successful core math curriculum. Taking 
these higher-level courses is the way students learn and reinforce advanced skills, such as multi-step analysis, 
that complete the development of mathematical thinking and prepare them intellectually for success in college 
and the workplace . 6 

Algebra is the “gateway” course not just because it as a prerequisite for many high school and postsecondary 
math, science, engineering, and technology courses, but because it is an intellectual gateway to abstract 
reasoning. As all students should take four years of mathematics in high school, at least through Algebra II or 
its equivalent, to be prepared for college and the workplace, Algebra I provides the foundation necessary for 
students to complete a comprehensive sequence of rigorous mathematics courses throughout high school 
and beyond. The intellectual preparation that higher-level high school math courses provide maps closely to the 
kinds of mathematical thinking that university educators believe are needed for success in college, including : 7 

Understanding mathematics: thinking conceptually, not just procedurally; using logical reasoning and 
common sense to find mathematical solutions; using experimental thinking; taking risks and accepting failure 
as part of the learning process; the ability to use formulas and algorithms of computation; 

Problem-solving, technology, and communication: using a step-by-step approach to solving problems 
and draw parallels and connections. Successful students understand the process of modifying, adapting, and 
combining mathematical tools to find new ways to reach a solution. Fluency in mathematics is a basic skill for 
science courses; and 

Orientation toward learning: Students who do well in mathematics classes are prepared to translate real 
situations into mathematical representation, and to extract meaning from mathematical expression. 



4 National Mathematics Advisory Council, 2008 

5 Steen, 1999 

B The National Center for Education Statistics, for example, highlights the advanced course sequences-including geometry, Algebra II and 
Algebra II, trigonometry-that yield the greatest gains in mathematical understanding, NCES, 2008 

7 Conley, 2003 
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